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The aim was to assess the clinical and radiographic peri-implant status among type-2 diabetic and
non-diabetic individuals with major depressive disorders (MDD). Participants were divided into four
groups; Group-1: patients with type-2 diabetes; Group-2: patients with MDD; Group-3: patients with
type-2 diabetes and MDD; Group-4: healthy controls. Demographic data was collected, and medical
history including most recent hemoglobin Alc (HbAlc) levels were retrieved from healthcare records.
Peri-implant modified plaque and gingival indices (MPI and mGl) and peri-implant probing depth (PPD)
were recorded; and crestal bone loss (CBL) was measured. Sample-size was estimated using data

from a pilot investigation. Statistical analysis was performed using one way-analysis of variance and
Bonferroni Post-hoc adjustment tests. P-vales below 0.05 were considered statistically significant.
Thirty, 30, 30 and 30 individuals were included in groups 1, 2, 3 and 4. Mean HbA1c levels were higher
in groups 1, 2 and 3 compared with Group-4 (P <0.05). Thirty-seven, 40, 43 and 36 implants were
present in groups 1, 2, 3 and 4, respectively. In groups 1, 2, 3 and 4, the implants were in function for
amean duration of 4.7 +2.4, 4.9+1.8, 5.05+1.7 and 10.6 + 2.2 years, respectively. The mPI, mGl, PPD
and CBL were significantly higher in groups 1, 2 and 3 than individuals in Group-4 (P <0.05). There

was significant correlation between peri-implant PD and HbA1c levels among individuals in Group-1
(P<0.05). Peri-implant soft tissue and osseous statuses are compromised among patients with type-2
DM, and MDD regardless of whether these conditions occur individually or in combination. Clinical
relevance: Peri-implant soft tissue and osseous statuses are compromised among patients with type-2
DM, and MDD regardless of whether these conditions occur individually or in combination.

Keywords Crestal bone loss, Type-2 diabetes mellitus, Probing depth, Selective serotonin re-uptake
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mGI Modified gingival index

mPI Modified plaque index

MDD Major depressive disorders

OHM Oral hygiene maintenance

PPD Peri-implant Probing depth

SSRI Selective serotonin reuptake inhibitotrs

Dental implants are a transformative solution in the field of prosthetic and restorative dentistry, providing
a modern alternative to traditional fixed and removable dental prostheses such as dentures and bridges,
respectively! . In a retrospective cohort study*, the cumulative survival rate of dental implants was nearly 96%
after a decade of follow-up. In this study®, the authors concluded that the replacement of a single missing tooth in
the maxilla and/or mandible with dental implants is a viable and safe treatment option. Poor routine oral hygiene
maintenance is a classical risk-factor of periodontal and peri-implant diseases®”’; however, a compromised
systemic health status has also been reported to jeopardize the success and survival of dental implants®°.

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by a partial or absolute insulin
insufficiency!’; and type-2 DM is its most common form!’. Individuals with a poor metabolic control of DM
have an increased risk of demonstrating other systemic conditions such as cardiovascular and psychological
diseases (e.g. major depressive disorders [MDD])!"!2. The MDD is characterized by persistent feelings of
sadness and loss of interest, significantly impairing daily functioning. Depression impacts approximately
280 million individuals globally and its prevalence is estimated to be approximately 75% among females from
Saudi Arabia'>!*. Studies'>!® have shown that patients with poorly-controlled type-2 DM are more likely to
demonstrate periodontal and peri-implant diseases in contrast to individuals with well-controlled type-2 DM
and non-diabetic subjects. According to Lorean et al.'” the risk of peri-implant crestal bone loss (CBL) is higher
among type-2 diabetic individuals with hemoglobin Alc (HbAlc) levels over 8% compared with individuals
well-controlled type-2 DM and non-diabetic controls'’. Similarly, it has also been reported that the risk of
implant failure is higher in patients with MDD using selective serotonin reuptake inhibitors (SSRIs) compared
with healthy individuals'®. In a recent analytical cross-sectional study, Strooker et al.'® assessed the association
between psychological distress and peri-implant diseases. In this study, 230 with 347 implants were evaluated.
Univariate analysis showed a significant association between peri-implantitis and MDD'. The authors
concluded that presence of MDD is a risk-factor of peri-implantitis®. Likewise, in a retrospective study with
5-years’ follow-up, Deepa et al.? reported that SSRIs exert a detrimental effect on bone metabolism and enhance
osteoclastic activity, which are risk factors of peri-implant CBL and even implant failure. It is worth noting that
a bidirectional relationship has been reported between MDD and type-2 DM?!. According to Semenkovich et
al.2l. MDD is present in one of every four individuals with type-2 DM; and type-2 DM elevates the risk of MDD
in vulnerable populations®!. A careful review of indexed databases showed that to date there are no studies that
have evaluated peri-implant soft tissue status and CBL among type-2 diabetic individuals with and without
MDD. It is therefore likely that type-2 DM in conjunction with MDD worsens periodontal inflammation in the
latter group or vis versa.

The aim of the present study was to assess the clinical and radiographic peri-implant status among type-2
diabetic and non-diabetic individuals with MDD. The present study is based on the null hypothesis that there is
no difference in peri-implant clinical parameters (modified plaque index [mPI], modified gingival index [mGI]
and peri-implant probing depth [PPD]) and CBL among type-2 diabetic individuals with and without DD.

Materials and methods

Ethical approval

The research study was reviewed and approved by the Institutional Review Board (IRB) at Najran University
to ensure the protection of human subjects’ rights and welfare (Approval # 202412-076- 027132-059963). The
study was performed in accordance with the regulations and guidelines of the Declaration of Helsinki?>%3.
Participants were informed that their involvement in the study was completely voluntary, and they were free
to decline participation or withdraw at any stage without any consequences. Moreover, participants were made
aware of their rights, such as the right to privacy and confidentiality, and the option to contact the IRB if they had
any concerns, questions or complaints regarding the study. Individuals that agreed to participate were presented
with a consent form and were requested to read and sign it. All participants were invited to ask questions before
they signed the consent form.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (a) signing the informed consent form; (b) adult individuals (> 18 years);
() individuals with medically-diagnosed type- 2 diabetic individuals; (d) individuals with medically-diagnosed
MDD; (e) self-reported systemically healthy individuals; (f) individuals with at least one dental implant in
function in the maxilla and/or mandible. The following exclusion criteria were implemented: (a) Individuals
with self-reported systemic diseases other than type-2 DM (such as cardiovascular diseases, overweight/obesity,
type-1 DM, prediabetes, renal/hepatic disorders, arthritic diseases, osseous disorders, and HIV/AIDS); (b)
nursing and/or pregnant females; (c) individuals that reported to be smoking daily and/or using electronic
nicotine delivery systems and smokeless tobacco products; (d) self-reported bisphosphonate users; and self-
reported recreational drug users; and (e) third molars, grossly carious teeth and individuals with crowding and/
or overlapping dentition; and (f) implants placed in grafted sites.
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Study groups

Participants were divided into the following groups based upon their systemic health status: (a) Group-1:
individuals with type-2 DM alone; (b) Group-2: individuals with MDD alone; (c) Group-3: type-2 diabetic
patients with MDD; (d) Group-4: self-reported systemically healthy individuals.

Questionnaire

A pre-tested semi-structured questionnaire was used to collect information on (a) age in years; (b) gender; (c)
duration and mode of management of type-2 DM, (d) duration and mode of management of MDD; (e) family
history of psychological disorders and DM; (f) Frequency of daily toothbrushing and flossing; (g) most recent
visit to a dentist/dental hygienist. The questionnaire was presented to all participants by one trained investigator.

Evaluation of healthcare records

Digital healthcare charts of all individuals were evaluated to gather the following information: (a) number of
implants in function; (b) implant jaw location; (c) implant dimensions (diameter x length); (d) duration of
implants in function; (e) implant retention protocol (cement versus-screw retained); (d) most recent HbAlc
levels.

Clinical and radiographic periodontal and peri-implant evaluation

One examiner carried out a comprehensive evaluation of the peri-implant soft tissue status in the entire mouth
after going through training and reliability tests to ensure consistency, reaching a kappa score of >0.80. The
mPI and mGI were measured on four surfaces (mesial, distal, buccal, and lingual) of each tooth and implant,
respectively?»?°. The peri-implant PD (PPD) was measured at six sites per implant (mesiobuccal, buccal,
distobuccal, mesiolingual, lingual, distolingual) using a plastic periodontal probe calibrated in millimeters
(mm)?6-28, The probe was gently inserted into the peri-implant sulcus until resistance was felt, and the
corresponding depth was recorded. Digital bitewing radiographs were taken using the long-cone paralleling
technique CBL were measured and recorded in millimeters.

Sample-size estimation

Sample-size estimation (SESE) was performed using the G*Power 3.1%° utilizing data from a pilot investigation.
A moderate effect size (Cohen’s d) of 0.5 was estimated for differences in peri-implant health indices among
patients with and without MDD. The primary outcome variables were PPD and CBL and the desired power of
the study was 0.80 (80%) to detect significant differences with an alpha set at 5%. It was estimated that a total
of at least 120 participants (30, 30, 30 and 30 in groups 1, 2, 3 and 4, correspondingly) would be required to
ensure sufficient power to detect significant differences in peri-implant health between the groups, accounting
for potential dropouts.

Statistical analysis

Statistical analysis was done using computer software (SPSS Version 22, Chicago, IL., USA). For descriptive
statistics, means and standard deviations were computed; and data normality was assessed using the Kolmogorov-
Smirnov test. Group-comparisons were carried out using the one-way analysis of variance and for multiple
comparisons, the Bonferroni Post-hoc-adjustment test was done. Logistic regression analysis was done to assess
the correlation between peri-implant clinical and radiographic parameters and HbA1c levels, duration of MDD
and dosage of SSRIs. P-values which were 0.05 were considered statistically significant.

Results

Participants and general characteristics of the study cohort

One hundred and sixty-seven individuals were invited to participate in the present study. Twenty-nine females
declined participation without providing a reason. Twelve tobacco-smokers and six individuals with self-
reported cardiovascular disorders were also excluded. In total, 120 individuals (51 males and 69 females) were
included. Thirty, 30, 30 and 30 individuals were included in groups 1, 2, 3 and 4 (Fig. 1). There was no statistically
significant difference in the mean ages of individuals in groups 1, 2, 3 and 4. In groups 1, 2, 3 and 4, number
of female participants were 13, 21, 20 and 15, correspondingly. In groups 1 and 3, the duration of type-2 DM
was 10.2+3.7 and 8.9+2.5 years, respectively (P=0.14). In groups 2 and 3, the duration of MDD was 7.8+1.9
and 8.3 £2.2 years, respectively (P=0.17). The mean HbAlc levels were significantly higher in groups 1, 2 and
3 compared with Group-4 (P<0.05). There was no statistically significant difference in the mean HbAlc levels
among patients in groups 1, 2 and 3. The family history of DM was more often reported by individuals in Groups
1, 2 and 3 compared with controls (Group-4). A family history of psychological disorders was reported by none
of the individuals I Group-4 compared with individuals in groups 1 (33.3%), 2 (40%) and 3 (70%). Toothbrushing
twice daily was more often reported by individuals in Group-1 (73.3%) compared with individuals in groups 1
(23.3%), 2 (16.7%) and 3 (30%). Flossing of interproximal spaces was reported by none of the individuals in
groups 1, 2 and 3; whereas 33.3% individuals in Group-4 reported that that were flossing once daily. Individuals
in groups 1, 2 and 3 had last visited a dentist/dental hygienist nearly 24 months ago in contrast to individuals
in Group-4 who had visited an oral healthcare provider nearly 6 months ago (Table 1). As per patients’ medical
records, the HbAIc levels were measured within the past 110+ 12.5 days. All individuals in groups 2 and 4 were
using Tablet Fluoxetine (mean dosage 30 mg [range: 20-50 mg]) p.o. once daily since diagnosis of MDD. All
patients with type-2 DM were prescribed anti-hyperglycemic medication (Tablet Metformin p.o. 500 mg once
daily) and dietary instructions.
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Fig. 1. Recruitment of study participants.

Parameters Group-1 Group-2 Group-3 Group-4
Individuals (n) 30 30 30 30

Male: Female 17:13 9:21 10:20 15:15
Age in years 67.2+7.2 years 64.3+4.5years | 65.1+5.1years 64.8 4.8 years
Duration of type-2 DM 10.2+3.7 years NA 8.9+2.5 years NA

Duration of MDD NA 7.8+1.9 years 8.3+2.2 years NA

Family history of DM 18 (60%) 14 (46.7%) 24 (80%) 4(13.3%)
Family history of psychological disorders | 10 (33.3%) 12 (40%) 21 (70%) NA
Hemoglobin Alc? 8.5+0.4%" 6.1£0.2%° 8.940.3%° 4.9+0.2%
Toothbrushing

Once daily 23 (76.7%) 25 (83.3%) 21 (70%) 8(26.7%)
Twice daily 7 (23.3%) 5(16.7%) 9 (30%) 22 (73.3%)
Interproximal flossing NA NA NA 10 (33.3%)
Most recent visit to a dentist/hygienist 1.83+0.2 years ago | 2+0.1 years ago | 2.8+0.2 years ago | 0.6+0.1 years ago

Table 1. Demographics of the study cohort. *As per medical records, the HbA1lc levels were measured within
the past 110+ 12.5 days. ®Compared with Group-4 (P<0.05) DM: Diabetes mellitus MDD: Major depressive
disorder. Group-1: individuals with type-2 DM alone; (b) Group-2: individuals with MDD alone; (c) Group-3:

type-2 diabetic patients with MDD; (d) Group-4: self-reported systemically healthy individuals.

Implant related parameters

Thirty-seven, 40, 43 and 36 implants were present among individuals in groups 1, 2, 3 and 4, respectively. Of
these, 18, 19, 19 and 20 implants were present in the posterior maxilla and 17, 17, 21 and 16 implants in the
posterior mandible among individuals in groups 1, 2, 3 and 4, respectively. All implants were placed at bone
level and inserted using a torque ranging between 30 and 35 Ncm. All implants were platform switched and
had screw-retained restorations. In groups 1, 2, 3 and 4, the implants were in function for a mean duration of

4.7+2.4,4.9%1.8,5.05+1.7 and 10.6 £ 2.2 years, respectively (Table 2).

Peri-implant clinical and radiographic parameters

Scores of mPI, mGI, PPD and mesial and distal CBL were significantly higher in groups 1, 2 and 3 compared
with individuals in Group-4. There was no statistically significant difference in the mean scores of mPI, mGI,

PPD, and mesial and distal CBL among patients in groups 1, 2 and 3 (Table 3).
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Parameters Group-1 Group-2 Group-3 Group-4
Individuals (n) 30 30 30 30

Number of implants in function (n) 37 40 43 36

Anterior maxilla (n) 2 4 1 0

Posterior maxilla 18 19 19 20

Anterior mandible 0 0 2 0

Posterior mandible 17 17 21 16

Implant insertion torque 30-35 Ncm 30-35Ncm 30-35 Ncm 30-35Ncm
Duration of implants in function in years | 4.7+2.4 years |4.9+1.8years |5.05+1.7 years | 10.6+2.2 years
Implant prosthesis Screw-retained | Screw-retained | Screw-retained | Screw-retained

Table 2. Implant related characteristics. Anterior: Central and lateral incisors and canine Posterior: Premolars
and/or molars Ncm: Newton centimeters.

Parameters Group-1 Group-2 Group-3 Group-4
Modified plaque index 0.8+0.07 0.72+0.05 0.84+0.02 0.22+0.004"
Modified gingival index 0.88+0.03 0.8+0.05 0.8+0.05 0.09+£0.0003"

Peri-implant probing depth | 5.5+0.2mm |5.3+02mm |54+0.08mm |1.5+0.1 mm’
Crestal bone loss (mesial) 49+0.03mm | 4.8+0.06 mm | 5.4+0.08 mm | 1.4+0.06 mm"

Crestal bone loss (distal) 5+0.1 mm 47+0.09mm | 52+0.1mm |1.4+0.08 mm"

Table 3. Peri-implant clinical and radiographic parameters. “Compared with groups 1 (P<0.01), 2 (P<0.01)
and 3 (P<0.01).

Logistic regression analysis

There was statistically significant correlation between peri-implant PD and HbA1c levels among individuals in
Group-1 (P<0.05). There was no correlation between peri-implant PD and HbAc levels among individuals in
groups 2, 3 and 4 (Fig. 2). There was no correlation between age, gender, duration of type-2 DM and MDD, dosage
of SSRIs, family history of type-2 DM and MDD, daily oral hygiene maintenance protocols (toothbrushing and
flossing) and most recent visit to a dentist/dental hygienist and peri-implant mPI, mGI, PD and CBL in all
groups (data not shown).

Discussion

Evidence from indexed scientific literature has shown that a state of hyperglycemia and well as use of SSRIs
are independent risk factors of peri-implant diseases including CBL*>*. Persistent hyperglycemia induces a
state of oxidative stress in tissues including those of the periodontium and use of SSRIs enhance osteoclastic
activity?®1-3*, Tt was therefore hypothesized that peri-implant soft tissue inflammatory parameters (mPI, mGI
and PD) and crestal bone height are compromised to a much greater extent in type-2 diabetic SSRI-users in
contrast to non-diabetic SSRI-users and type-2 diabetic individuals. However, results of the present retrospective
observational clinical investigation showed otherwise. In summary, there was no statistically significant
difference in peri-implant mPI, mGI, PD and CBL among patients in groups 1, 2 and 3; however, individuals in
these groups displayed worse peri-implant clinical and radiographic parameters compared with self-reported
systemically healthy controls (Group-4). It is however worth noting that the mean HbAlc levels were >8%
among individuals in groups 1 and 3 compared with individuals in Group-4. In other words, all participants in
these groups had “poorly-controlled type-2 DM” Studies>>3® have shown that poorly-controlled increases the
production and expression of destructive inflammatory cytokines in the saliva and peri-implant sulcular fluid
that enhance soft tissue inflammation as well as bone loss around dental implants. Interestingly, despite being
non-diabetic, patients in Group-2 (individuals with MDD alone) showed no statistically significant difference
in peri-implant inflammatory parameters when compared with groups 1 and 3. The potential role of SSRIs in
augmenting the inflammatory cascade cannot be overlooked, it is pertinent to mention that these individuals
had mean HbAlc levels exceeding the normal range (4 to 5.6%)%. In other words, patients in Group-2 were
prediabetic or had an impaired glucose tolerance. Studies*®-** have shown that prediabetes by itself is a risk
factor of poorer periodontal and peri-implant health status. Moreover, it has also been reported that the risk
of developing type-2 DM is 60% higher in patients with a diagnosis of depressive disorders compared with
individuals without depression®!. The authors applaud the results by Nouwen et al.*? according to which, there is
a bidirectional association between depressive disorders and DM and the risk of developing DM in patients with
than without depressive disorders. It is also notable that in the present investigation, a family history of DM was
more often reported by patients with MDD and vis versa as shown in Table 1. It is therefore hypothesized that
individuals in Groups 1 and 2 are at a risk of developing MDD and DM (most likely type-2 DM), respectively in
the future. In this context, it is proposed that a thorough evaluation of medical health tatus (including HbAlc)
should be performed among patients with depressive disorders selected for undergoing future dental implant
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Fig. 2. Linear regression analysis comparing hemoglobin Alc and probing depths in the study groups.

therapy. Such regimens may facilitate case selection and predict the long-term success and survival of dental
implants in patients with depressive disorders.

Regarding treatment of MDD, all participants were prescribed fluoxetine as per their digital healthcare
records. Fluoxetine mediates its antidepressant effects by binding to 5-hydroxytryptamine (5-HT) transporter
to block the reuptake of 5-HT from the synaptic cleft, which in turn reduces symptoms of MDD*. Moreover,
according to Liu et al.** fluoxetine directly affects pancreatic beta-cells and therefore contributes in regulating
glucose homeostasis. The present results are in contradiction to the results reported in the study by Liu et al.*
as mean HbA1c levels among individuals in groups 2 and 3 reflected poor glycemic control. It is demanding to
derive an absolute explanation in this regard; however, it is perceived that individuals with MDD were either not
taking the medications as prescribed or were not visiting their healthcare providers routinely and/or were not
seeking medical attention (via routine yearly or biannual check-ups). This suspicion was based on the frequency
of oral health care visits reported by individuals in groups 1, 2 and 3 where the patients had visited an oral
healthcare provider nearly 24 months ago.

Poor oral hygiene maintenance is a significant risk factor of periodontal and peri-implant diseases®. In the
present investigation, toothbrushing twice daily and flossing of interproximal spaces was more often reported by
individuals in Group-4 compared to those in groups 1, 2 and 3. Moreover, as mentioned above, routine dental
check-ups were also more prevalent in the former than latter groups. The authors applaud the study by Ball and
Darby*®, which reported that mental health disorders induce behavioral changes including poor routine oral
hygiene maintenance (OHM) practices, which may also induce and aggravate peri-implant diseases in susceptible
patients. Interestingly, none of the implants failed in the present study and this could be possibly attributed to
the relatively short duration of MDD among patients in groups 2 and 3. Nevertheless, such a statement should
be cautiously interpreted as poor oral hygiene, poor compliance towards therapy and irregular dental checkups
may also contribute towards future implant complications including implant failure. The authors suggest that
healthcare providers should educate patients (particularly those with DM and MDD) about the importance of
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routine OHM towards the achievement of an overall superior quality of life. Community-based health awareness
programs may also contribute to this regard.

One limitation of the present study is that the HbAlc levels that were retrieved from healthcare records were
measured over 100 days ago. Therefore, the HbAlc levels of patients during the peri-implant investigation may
have varied. The present study was entirely based on peri-implant clinical and radiographic investigations and
laboratory-based investigations such as assessment of whole salivary cortisol levels remained uninvestigated.
It has been documented that raised salivary CL is associated with severe depression and is a worthy tool for
a depression diagnosis. It is hypothesized that in the present patient population, whole salivary CL are higher
among patients in Group 3 compared with other groups; however, further studies are needed to test this
hypothesis.

Conclusion

Peri-implant soft tissue and osseous statuses are compromised among patients with type-2 DM, and MDD
regardless of whether these conditions occur individually or in combination. Furthermore, oral hygiene
maintenance and regular medical and dental checkups are often compromised in these patients that further
compromises peri-implant soft tissue and osseous status in these individuals.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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